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Abstract 
 
The general theory of non-bremsstrahlung radiation by non-equilibrium medium is proposed on 
the base of the new (PRL, 2004; JETP, 2004) quantum theory of Vavilov-Cherenkov radiation 
(VCR), where Abraham’s form for the true photon momentum in the medium is used (only 
which allows the introduction in the energy-momentum balance equations of the effective real 
photon mass in the medium). This gives the possibility to consider the ejection of VCR quantum 
directly by medium, as complies with known assumptions of the microscopic mechanism of 
VCR (I.E. Tamm, 1939 and etc.). On the base of the Abraham theory, it is stated the new value 
of threshold velocity / ( )thV c n n∗=  of the charged particle, when only for V>Vth the emission by 
medium of the VCR or its analogues is take place for n>1 and also for n<1 (с is light velocity in 
vacuum, n is the refraction index of isotropic medium in equilibrium state). It allows explaining 
of the observed “subthreshold” VCR effects and its analogues. It is show that for n<1, value n*>1 
in the expression for Vth, that allows VCR mechanism realization when emitting transversal 
electromagnetic waves in plasma and also while emitting by a nuclear medium interacting with 
sufficiently fast К+ and К0 mesons. Propose the possibility for using of the new VCR theory in 
relation with super radiation in Bose-Einstein condensates and with the Compton effect in 
medium for n<1 and n>1. Near the same consideration on the base of the new VCR quantum 
theory is proposed for the modification of the Landau superfluid threshold velocity theory.   
PACS: 41.60.Bq, 01.55. + b.25.90.+k,03.75.Fi 
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 1. Introduction 
 
It is known [1, 2] that mechanism of the Vavilov-Cherenkov radiation (VCR) effect 
corresponds to the some kind of non-bremsstrahlung radiation (NBR), since it is not related with 
necessity of the charged particle velocity V to change at all. According to the microscopic view 
[1, 2], the very non-equilibrium medium itself is the VCR emitter when V> thV . However, in [1] 
and in consequent works (see [2, 3]) this concept did not get necessary development. It provided 
only in the new quantum VCR theory [4, 5] and in the new microscopic VCR theory [6]. 
Actually, in the quantum VCR theory [3], as in the macroscopic VCR theory [1] (where 
equilibrium stationary state of the medium is considered only), the same value for thV  is 
obtained: Vth=Vth0=c/n, where с is light speed in vacuum, and n is the refraction index of the 
isotropic medium, being in the equilibrium state for n>1. In [3], however, VCR photon is emitted 
not by the medium, but by the particle itself. And in the energy-momentum balance equations, 
considered in [3] (see also given in [3] references), fully not counted any energy change ∆Е of 
the medium related to emitting by it of the VCR quantum. This leads also to the distinction of the 
quantum VCR theory [3] from theories of other kinds of NBR [7-9]. Actually, due to the implicit 
assumption in [3] that ∆Е=0, it is already not possible to use the “true” (see [10]) value of photon 
momentum in the form corresponding to Abraham’s theory. Instead of it, in the momentum 
balance equation in [3], it is used the value of photons pseudo-momentum, that corresponds to 
the Minkowski theory. The latter theory actually more than 60 years was equal in rights 
alternative to the Abraham theory, which however already about 40 years ago has got direct 
experimental confirmation and public recognition [10]. In relation to this, in [11], for 
Minkowski’s theory is stated the limit of its formal applicability only for the stationary 
equilibrium processes in the medium with electromagnetic fields participation. That is why, it is 
not surprising that conclusion of the quantum VCR theory [3] (based on the Minkowski theory) 
coincide with the conclusions of the macroscopic stationary VCR theory of Tamm-Frank [1]. 
Thus, the both VCR theories [1, 3] can’t define threshold of non-stationary process of 
VCR emitting by the non-equilibrium (in local) medium, but correspond to the description of 
arising after VCR emitting equilibrium stationary state of the medium and VCR. Actually, in [4, 
5] it is shown (see in [4, 5] Table of comparison with Cherenkov’s experiment) that value Vth0 
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=c/n, obtained in [1, 3], well fits only to the position of interferential VCR maximum, but not to 
the VCR cone boundary, related to the VCR effect threshold. 
In works [12-17], this resolution  is not counted and threshold velocity Vth0 value is used 
for the description of observed VCR effects and its analogues in other media. However, it is 
found out that mentioned effects are observed already when V< Vth0, i.e. they have “sub 
threshold” character from the point of view of macroscopic VCR theory of Tamm-Frank 
 [1] and quantum VCR theory [3]. 
To eliminate this discrepancy of observation data and theory [1, 3], in [12, 13, 17] for 
considering VCR analogue in the nuclear medium, it is introduced a concept of new mechanism 
of coherent particle emitting, dual coherent particle emission (DСРЕ). In [12, 13, 17], instead of 
Vth0, a new value is proposed: Vth=Vth0=c/nn1, where n1 is the refraction index of the wave field 
of a “charged” particle itself in the considered medium. 
However in [12, 13, 17], as in the VCR quantum theory [3], the quantum of the VCR 
analogue (VCRA) is emitted by the particle itself. Accordingly, for the particle momentum and 
for VCRA quantum momentum in the medium with n>1 and n1>1, in [11, 12, 16], it is used only 
Minkowski’s representation without any counting of the pointed above applicability limits, 
established in [11] for Minkowski’s theory itself. 
In the result, in [12, 13, 17], for example, can‘t get explanation observed in nuclear 
medium threshold VCRA effect from К+ and К0 mesons, interacting with that medium for 
energies corresponding to condition with n<1.  
In the present work, we propose development of the new quantum VCR and VCRA 
theories based on VCR theory [4, 5] and modification of theory [12, 13, 17], in which 
Abraham’s representation now is used for the particle momentum. Meanwhile, observed “sub 
threshold” arising of VCR and VCRA effect, and also VCRA effect from К+ and К0 mesons now 
get explanation. 
More over, “sub threshold” effects and VCRA from К+ and К0 mesons may get 
explanation also for n1=1, i.e. already on the base of the value Vth, obtained in [4, 5] and fitting 
observation data (see Table in [4, 5]):  
    1,/ 2 −+== ∗∗ nnnncVth ,                                          (1) 
              
where in (1) n>1(for n<1 in (1) n must only be replaced by 1/n). Expression (1) is obtained in [4, 
5] on the base of Abraham’s form for photon momentum value in the medium with n≠1: 
cnEpp a /== ,                                                          (2) 
where Е is the photon energy in the medium with n>1(for n<1, in (2), as in (1), it is only 
necessary to replace n by 1/n). 
In the present work, we get generalization of (1) taking into account (2) and ideas of [12, 
13, 17] about necessity of counting distinction from unity of refraction indexes for the wave 
fields of particles initiating VCR and VCRA ,emitting by the medium. On the base of proposed 
quantum VCR (VCRA and NBR) theory it is also considered here the new theory of super 
radiation in the Bose-Einstein condensate (BEC), new theory of the Compton effect in medium 
and the new modification of the Landau superfluid threshold velocity.  
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 2. Quantum VCR and VCRA theory 
 
1. Let in laboratory frame of reference, in which uniform medium is not moving, laws of 
energy and momentum conservation for VCR and VCRA effects have the form [4, 5]: 
E1+∆E = E0+E2,                                                              (3) 
P1=P0+P2,                                                                  (4) 
In (3), (4), values (E1, P1) and (E2, P2) correspond to energy and momentum of the 
particle before and after creation by the medium of VCR or VCRA quantum with energy E0 and 
momentum P0. For example, for VCRA in the nuclear medium, state (E2, P2) may already 
correspond to some new particle, which not necessarily coinciding with the particle in the initial 
state with (E1, P1). 
In the energy balance equation (3), as in [7,8] (see (1) in [7] and (4) in [8]), value ∆E is 
non zero. In (3), ∆E is related to the change of the medium energy caused by emitting from it of 
the VCR or VCRA quantum. In [3], inversely, it is assumed that ∆E in (3) is zero valued. 
When defining values of momentum pα (α=0,1,2) in (4), we use contrary to [12,13,17], 
generalization of Abraham’s representation (2). This generalization already takes into account 
suggested in [12,13,17] introduction of refraction indexes nα (α=0,1,2) for the wave fields of all 
particles participating in energy-momentum balance  (3),(4), and has the form: 
,/422 αααα cncmEP −=                                              (5) 
where 1>αn  and mα is the rest mass in vacuum of the particle with number α=0,1 and 2 in the 
system (3), (4). When 1<αn  in (5) we must only replaced αn  on αn/1 . For m0=0, expression 
(5) for α=0 exactly coincides with (2) for n0=n≠1, when Ео=Е that is photon energy in the 
medium. Contrary to (5), in [12,13] for αP  in (3), (4) is used the Minkowski 
form ccmEnP /422 αααα −= , when 1>αn . More over in [12, 13]  0=∆E  in (3), (4). 
Changes for the value of the medium momentum as a whole we neglect in (3), (4). 
Actually, mass and energy of the whole medium significantly exceeds masses mα and energies 
Еα of the particles (with numbers α=0,1 и 2) participating in VCR or VCRA. We assume 
negligible also corresponding to VCR or VCRA effect change of the medium momentum that in 
the result is not reflected in the energy-momentum balance equations (3), (4). 
At the same time, as shown in [4, 5], it is very important to count in (3) the changes of 
medium energy ∆E, caused by emitting by it of VCR or VCRA quantum. 
In [4, 5], it is assumed estimate of the value ∆E, based on conjecture that this value can’t 
be less than energy corresponding to finite and real rest photon mass got by a photon in any 
medium with n≠1 according to (2). 
For each particle counted in balance (3), (4) it is possible (as in [4, 5] on the base of (2)) 
to introduce, using (5), the following representation for the rest mass Мα, which has a particle 
with number α (in the medium with nα≠1 for α=0, 1, 2): 
        2222 / ccPEM ααα −=  ,                 (6) 
where αP  is from (5) for 1>αn , and in the case of 1<αn , it is necessary only to replace in (6) 
αn  by αn/1 . 
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Using (6) it is possible by analogy with approach of works [4, 5] to define an estimate of 
the lower boundary ∆Emin for the value ∆E used in the energy balance equation (3): 
∆E≥∆Emin =c2 (M0+M2-M1),                                         (7) 
where Mα (α=0, 1, 2) are defined from (5), (6). The estimate ∆Emin from  (7) corresponds to such 
necessary change of the medium energy that allows possibility of emitting by the medium of 
particles with masses M0 and M2 when initially a particle with mass  M1 was absorbed by 
medium. 
In particular, as in [4, 5], when emitting by the medium of a Cherenkov photon with mass 
22
00 /1 ncnEM −=    (with its zero vacuum rest mass m0=0 and n0=n>1; for n<1 we only 
replace n on the 1/n in this expression )in (7) the value ∆Emin = М0c2, if in (6) and (7) for electron 
with n1=n2=1 we have m1=m2=m, where m is the rest mass of electron in vacuum. 
More strong definition of the value ∆E (and effective mass 0M ) in the energy 
conservation law (3) is made in [6] on the base of microscopic theory of non-equilibrium 
processes in the medium, providing emitting of VCR  quantum by the medium. 
2. From (3) - (5) under condition of meeting equality ∆E =∆Emin in (3) (where ∆Emin is 
defined from (6), (7)), it is possible for nα≥1 (α=0, 1, 2) to get the following expression for 
cosine of angle between momentum vectors  P1 and , P0: 
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 where y =1-∆Emin/E0,.  For the case αn , in (8) it is necessary only to replace nα by αn/1 . In 
particular, for n1=n2=1, m1=m2=m and m0=0 formula (8) coincides with formula (6) of the work 
[5] for n0=n>1. For this coincidence may take place in (8) we must take into consideration only 
the case with sign plus, when we may reduce (8) to the results of [4, 5].  
   While modifying formula (8), with replacement of nα by 1/nα is performed for all α=0, 1, 2, it 
for y=1 formaly coincides with formula obtained in [12]. In [12], meanwhile, however, vice 
versa, it is considered that only 1>αn  are take place. It is the result of well known coincidence 
for the Abraham and Minkowski forms of photon momentum for the cases with n<1[10]. 
In the limit 10 EE <<  and for n2=n1, m2=m1 and m0=0 for any n0=n≠1 and n1≠1 instead of 
(8), we get(for n>1 and 11 >n ): 
1110 /cos Vcynn=θ ,                                                    (9) 
where V1 is velocity of the particle with initial energy E1 in (3). For cases with n<1, in (9) it must 
be replaced n on 1/n and so on for the cases with 11 <n . 
As it was pointed above, for y=1 in the case of n<1, n1<1 the modification of formula (9)  
formal coincides with the one got in [12], where it however is used only for cases with n>1 and 
n1>1. Pointed out formula is considered in [12] in relation with interpretation of observation data 
of “sub threshold” VCRA effect realization. And only for n1>1 (and n>1), in [12], it is succeeded 
to establish agreement of the theory with the data of corresponding experiments on VCRA in 
nuclear medium. 
Contrary to [12], on the base of representation (9), considered even for  n>1 and n1>1, it 
is possible to achieve the same coincidence with pointed out experimental data, but now only 
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due to the choice of sufficiently small value y<1 in (9). So, for example for noted in [12] values 
n1= 1,00125 and n0 = n ൌ 1,00113 (for pions causing VCRA when P1 ൌ 1 Gev/s), formula (9) 
gives the same fitting with experimental data as theory [12] already for y=0,995, i.e. for 
∆Emin/Eൌ0,005. In the general case, formula in [12] and (9) for n1>1  and n>1 lead to the same 
(just formally) expressions if we take  in (9) the formal relation: 21
2/1 nny =  . 
From (9) and condition 1cos 10 ≤θ , we get the following new representation for the 
threshold velocity of a particle initiating  VCR or VCRA (for n>1, n1>1; for m1=m2, n1=n2 and 
121 /)( EEE − <<1): 
))/1(/11)/)(()/1(/111( 21
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(10) 
In particular, when E2→E1 and m0=0, from (10), we get ∗= ncnVth /1  , where 
12 −+=∗ nnn  for n>1. This expression for the case of n1=1 exactly coincides with the one 
obtained in [4, 5] for n>1. For n<1, it is necessary only to replace in (10) n by 1/n, and for n1<1, 
it is necessary similarly to replace in (10) n1 by 1/n1. 
In (10) value n1ny<1 and corresponding threshold condition for Е1 has the following 
form: 
2
1
222
111 1/ nnycmEE th −=> , for n>1 and n1>1, y<1/nn1. 
For n<1  or n1<1 here it is necessary, as in (10), to replace n by 1/n  and n1 by 1/n1. In this 
relation, developed above theory has more broad range of applicability than VCR theory [3] and 
its generalization [12,13], which exclude from consideration effects of VCRA for n<1 or n1<1. 
In the result, contrary to [12,13], on the base of the suggested above theory of VCR and 
VCRA, it is possible the new consideration of the effect of emitting by the medium a quantum of 
VCRA caused by interaction of the medium with sufficiently fast K+ and К0  mesons. Actually, 
for the observed radiation in the entire spectrum range of energy, the refraction index n0<1. In  
[12, 13], emitting of K+ and К0 mesons therefore is considered as not solved yet problem because 
of impossibility of application of theory [3] in the cases with n0<1. 
3. Let us note also possibility of use of (9), (10) also for interpretation of observed «sub 
threshold » VCR effects in dielectrics (see section А in [15]). Meanwhile, exceeding ∆θ= θmax - 
θs =2,10 of the limit angle of the observed VCR cone (θmax ≈36,90) over the theoretical value (θs 
≈34,80 according to VCR theory [3]) corresponds to the estimate уn2ൌ0,974 of the presented 
theory. 
Actually, according to (9),  for n1=1, we have cos θmax =cny/V1 and 
yns
2
max cos/cos =θθ (where for theory [3], cosθS =c/nV1). For n=1,505 (for wave length 
λൌ4*10-5 sm. [15]), we have the formal empiric estimate yൌ0,43 or 57,0/ 0 ≈∆ EE , which is 
rather close to the theoretical estimate 75,0/1/ 20min ≈−=∆ nnEE , obtained for the n=1,505 
from (7). From the other side, estimate of the value ∆θ on the base of suggested in [15] theory 
(explaining observed «sub thresholdе» VCR demonstration by effects of bremsstrahlung 
radiation from the end parts of trajectory, see also [1]) several times exceeds observed 
quantitative value ∆θ (see (5.1) in [15] for εൌ0,275, βnൌ1,217 and 57,0/1 =nnβγ ).  
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Thus far, in the frame of the new quantum VCR and VCRA theory being developed in 
the present work, it is found out possibility of explaining of observed «before threshold » VCR 
and VCRA effects without use of any auxiliary ideas going out of consideration of the very non-
bremsstrahlung mechanism of emitting of VCR and VCRA quanta by non-equilibrium medium. 
In this new VCR and VCRA theory the important meaning have the possibility to 
introduction on the base of the Abraham theory of non zero real value for effective photon mass 
in medium which appears in parameter y, arising in (8)-(10) . Instead it, in [18] the VCR theory 
provided on the base of using the introduction (in connection with  the Proca theory) of non zero 
real photon mass in vacuum without any relation to the Abraham theory. The corresponding to 
(8)-(10) formulas in theory [18] are thus very different from (8)-(10) .  
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 3. Generalization of NBR theories 
 
1. Laws of energy and momentum conservation (3), (4) for VCR or VCRA, where ∆Е≠0 
coincide, as already noted, also with ones used in the theory other kinds of non-bremsstrahlung 
radiation (see [7, 8]). Value ∆Е, however, may get different physical sense, as e.g., for the cases 
of the combine [7]  and different kinds of the transitory [8, 9] radiation. We exclude from 
consideration here only the case of the transitory radiation emerging due to the transition of 
charge particle from one medium to another, when actually is possible also effect of particle 
acceleration and it is not possible to speak about pure non-bremsstrahlung character of radiation 
by the medium itself. 
Contrary to the developed in § 2 theory, in [9] value ∆Е is already defined via 
electromagnetic energy change in the medium qW0∆ , caused by arbitrary small jump of dielectric 
permeability )(tε∆ at some moment for spatially uniform medium. However, used in (7) 
estimate from below ∆Еmin may be related with value  by the following relationship (in 
assumption that in (3), ∆Е=∆Еmin for ∆Еmin from (7) for М1=М2 and n0=n<1, when ∆Еmin =hωp 
[3,4], where ωp is the plasma frequency): 
αγ/2 0min qWE ∆=∆ ,                                                  (11) 
where 22 /1/1 cV−=γ  , ce h/2=α  is a constant of the thin structure. Hence, from (11), we get 
that only under condition αγ /2= , the exact coincidence of qW0∆ and ∆Еmin   is takes place. 
In [9], value qW0∆  does not depend on specifics of  jump ∆ε(t) and is related with plasma 
frequency ωp by the very relationship (11). That is why, it is possible also, vice versa, to consider 
as allowed such VCR mechanism that some change ∆ε(t) mutually related with creation of VCR 
quantum by non-equilibrium medium got out from equilibrium state (where ε=n2=const for 
isotropic medium being in equilibrium state) by the non stationary electric field of a sufficiently 
fast charged particle [6]. It also complies with considered in [8] mechanism of radiation emitting 
and with suggested in [4, 5] (for n<1) VCR mechanism in plasma as conversion of condensate 
(extremely long-wave) plasmon with energy  ћωp  in transversal Cherenkov,s photon. 
For non-zero value ∆Е in (3), as it takes place in different theories of non-bremsstrahlung 
radiation, it is formally acceptable to use representation of momentum in the medium both in 
Minkwski’s and Abraham’s forms. However, as in the VCR theory [3] (where ∆Е=0 and,  as 
noted, the using of Abraham’s form leads to the results which  have not any physical sense), in 
the pointed different variants of non-bremsstrahlung radiation theory nevertheless traditionally 
the very Minkowski’s representation is used for photon momentum in the medium. This, as 
already noted, looks not reasonable according to Minkowski’s theory applicability limits stated 
in [11]. That is why, used in [4,5] and in the present work Abraham’s representation for photon 
momentum (and momentum of other particles) in the medium is the only acceptable when 
defining threshold of non-equilibrium processes in the medium leading to emitting by medium of 
non-bremsstrahlung radiation of any type. Quantum theory given in §2, actually describes all 
kinds of non-bremsstrahlung radiation by non-equilibrium medium. 
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4. Theory of super radiation in Bose-Einstein condensates 
 
On the base of developed above and in [4, 5] new approach to VCR theory it is giving 
description of energy-momentum conservation laws for practically all possible kinds of non-
bremsstrahlung radiation. Let us consider also this theory as a variant of possible explanation for 
observed threshold process of super-radiation in Bose-Einstein condensates (BEC) [19-22]. 
This super radiation in BEC is observed under the laser irradiation action on BEC by the 
pumping photon with energy Eph=ћωph. In the existing theory of super radiation in BEC (see, 
e.g., [22]) still absent any explanation of threshold mechanism of this phenomenon related with 
observed accelerated motion of the part of atoms of BEC. 
According to [4,5] and (9), (10), when realizing VCR (or VCRA) effect, actually, it is 
possible simultaneous with VCR (or VCRA) quantum emitting the initiation of acceleration  
motion for the charged particle, interacting with the medium during VCR (or VCRA) . It takes 
place when the value of parameter у in (9) becomes negative . Similarly, it is possible to suppose 
that super radiation of a photon with energy E0=ћω0, observed simultaneously with acceleration 
of motion of atoms of condensate is performed in accordance with considered in § 2 mechanism 
of VCR and VCRA for y<0, when Eph= ∆Е> Е0, i.e. for ωph>ω0. 
Thus according to (9), (10) necessary condition of realization of super radiation BEC is 
the very inequality ωph>ω0, which on the base of [19] may be represented in the form:  
jjjth QNNPRR 0
2
0 sin3/8 θωπ h=> .                                                 (12) 
In (12), R is the speed of Raley scattering for BEC atom which is proportional to intensity 
of laser pump beam, θj is the angle between directions of spreading of super radiation and 
polarization of the pumping beam, jQ  is spatial angle of super radiation with power P , 0N  is 
number of all BEC atoms, jN  is the BEC atom number getting acceleration under super 
radiation.  
If in (12) to take (see [20,21]) values Р≅ 0,8*10-3 Vatt/sm2 and 60 10≅N , ≅jQ 1,9*10-4, 
then from (12), we get 0
22 /10 ωjth NR ≅ . For example, for Nj ൌ104 and ω0 ൌ1015 sec-1 from (12), 
it follows an estimate 13 sec10 −≅thR , that complies well with the observed threshold value R 
(see Fig.3 in [19], where Rτhexp.ൌ0,7*103 sec-1). In [22], where it is noted absence of explanation 
of threshold on energy super radiation by BEC atoms, it is pointed on the presence of 
relationship ω0 = c|k| - ωph for irradiated mode with frequency ω0 and wave vector k in the 
system rotating with pump frequency ωph. From the inequality ω0 < ωph (i.e. criterion of super 
radiation of VCR+ type), it follows not only condition (12), but also additional restriction on the 
value ωph from below because it must also hold inequality 2/ckph >ω . 
Let us note, that under more strict condition ckph >ω  value of energy E0=ћω0 becomes 
negative and creation of photons of super radiation becomes energetically beneficial as also for 
other systems with realization of mechanism with dissipation instability in the presence of 
negative energy [4, 5, 23]. 
Observed anisotropy of BEC super radiation may be also explained in the frame of the 
new VCR theory on the base of (9), (10). 
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Of course, suggested here analogy of mechanisms of super radiation and VCR needs 
further refinement. It must take into account specifics of the process of energy change ∆Е. Here, 
it is assumed that the medium energy change that leads to emitting of a quantum of super 
radiation with necessity must exactly be compensated by coming from outside energy of 
quantum ћωph of the laser pump beam that provides introduced above definition of the value of 
∆Е  via pump photon energy ћωph.  
Thus, contrary to adopted now point of view, BEC atoms may be accelerated not due to 
direct acting on them by the pump photon, but as the very consequence of simultaneous 
realization of VCR+ effect by the medium for y<0 in (9). Super radiation initiated in the medium 
by accelerated BEC atoms is the consequence of the medium instability (with respect to VCR 
effect realization), caused by its non-equilibrium state, formed under action of an external (laser) 
pump photon. 
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5. The theory of Compton effect in medium 
 
 
      On the base of the energy-momentum balance equations (3), (4) it is also possible to 
provide new theory of the Compton effect in medium with 1≠αn  , as it makes above for 
super radiation in BEC (and in close analogy with BEC). Lets now in (3), (4) the values 
which having index 2,1=α   will refers to the photon in its initial and final states, 
correspondent.  The value 0 for this index now is refers to the electron of medium. As the 
result, it may be obtained the same formula as (8), where now we have dependence for 
the cosine of angle between the initial and final directions of photon momentum. In this 
version of (8) the values of the photon mass in rest 012 == mm  and mm =0 , where m-
mass of electron in rest. Our theory is formulated for the medium without dispersion. 
When it is necessary to take into account the dispersion we must only replace in all 
formulas: 
α
α
ααα E
nEnn ∂
∂+→  .    
    Lets consider, for simplicity the case, when  nnnmMn ==== 2100 ;,1  in this new 
version of (8), which now have another form (when in (3),(4) now 21,EE  -is energy of 
photon before and after Compton effect and electron obtained energy 2
2
2
0 1/ c
VmcE −=  
and module of momentum 2
2
0 1/ c
VmVP −= for 1,/1)( 2212min >+−−=∆ nmcnnEEE from 
(7)): 
121
2
11
2
1
22
/)(,/),1(
,0)cos1(2)/cos1(2)1(
EEExmcEnnwhereN
nNxNx
−==−−=
=−++−−−
ε
θεθ
             (13) 
  When N=n=1, the  equation (13) have solution, which give relativistic generalization for 
known Compton effect theory: 
     
)cos1(1
11
1 θε −+−=x                                                                 (13.1) 
Only in the limit 11 <<ε  from (13.1) we may obtain the well known 
formula: 21 1(1 cos ) ( )x Oε θ ε= − + . If we consider only the case with 2min mcEE =∆=∆ in 
(3),(4) (in limit of very small effective mass of photon in Compton effect in medium),it is 
necessary to replace in (13) N on n. In other cases we have from (13) the common 
solution:  
 )cos1();1(/))cos1)(1(2( 1212212 θεεθε −+=−−−−±== ± nNDNNDDxx  (13.2) 
In the limit 11 <<ε  from (13.2) we have the more simple modification of Compton effect 
theory in medium with n>1: 
    )()1/()cos1(2)1(/2);(/)cos1( 1221211 εθεεθε ONNnNxOnNx +−−+−=+−= +− ,(14)                        
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where only for x−  in the case with n=1 formula (14) gives the well known presentation of 
the Compton effect theory. 
     The unusual case when electron is not exist in medium before the realization of such 
“Compton effect” with the new electron arising (when for n>1 in (3) 
2
2 1( ) 1 /E E E n n∆ = − − ), is more natural to tied with the new quantum VCR type theory 
for the beta radioactivity effect in the another paper.   
    For the case of medium with n<1 in all formulas the value n must only be replaced by 
1/n. Thus for both cases n>1 and n<1 we obtain that −x  is increased when n is near unit 
and changes up (for n>1) or down (if n<1) from unit in small degree. In the case n>1 this 
tendency in dependence on n in (14) is take place in contrast to the result of [24], where 
instead of (14) it is obtained( from the another type base theory) the next formula (see 
formula (70) in [24]): )cos1( 21 θε nx −= , n>1. 
     The effect of medium’s refractive index on the Compton effect may be tested in 
experiment by measuring directly the resulting photon energy difference or its frequency 
changing. In the last case in (13.2) and (14), according to [25], for n>1 it must be taken 
the next presentation of photons energies: 222121 , ωω hh nEnE == , where 21,ωω  - 
corresponding frequencies . 
    In future it is also interesting to consider the conditions for the cases with negative 
values for x in the Compton type effect in medium . In [24] for n>1 this negative values 
of x are obtained only for some angles ( when 21 cos 0n θ− <  in formula (70) of [24]) and 
this anomalous Compton effect also proposed in [24]. 
     It may be also note the analogy of the considered above new theory of super radiation 
in BEC and presented here new theory of the Compton effect in medium with n>1 and 
n<1.        
  
6. The Landau threshold velocity of superfluid at finite temperatures 
    
   On the base of the quantum VCR theory, formulated by the resolving of the energy-
momentum balance equations (3), (4), it is also possible to give the new generalization of 
the Landau theory for threshold velocity of the superfluid. More over the new VCR 
theory in [4, 5] was formulated by us first of all as the relativistic generalization of this 
Landau’s theory [26, 27], where we in additional also take into account the important role 
of the medium energy changing E∆  in (3) during VCR effect.  
   Lets now consider  (3),(4),where now the values 2 21 2 1/ 2, / 2k s k sE m V E m V= =  are 
corresponding to the initial and final kinetic energy of the capillary walls with 
macroscopic mass km (in the reference frame, where superfluid velocity is zero and the 
capillary walls are moving with velocity sV )before and after threshold arising in super 
fluid of elementary excitation with energy 0 0( )E P , where 0P  is the momentum of this 
excitation. Now the value 2( ) / 2sE t Vµ∆ = in (3) is the energy difference of superfluid 
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medium during this process of arising excitation at some s thV V> , when the state of 
superfluidity become unstable due to the attaching to the capillary wall of some small 
mass ( )Tµ  of superfluid at first stage . 
   Thus, in the limit 0 k sP m V<<  it may be obtained from (3), (4), instead of (8): 
        0 010
0
( )cos
s
E E P
V P
θ ∆ −=  ,                                                         (15) 
which giving the new generalization of the Landau criteria in the form: 
0
0
( )
mins th
E P E
V V
P
−∆> =                                                             (16) 
Now in (15) the value 10θ  is the angle at what vortex excitation inclined in the flow of 
superfluid from the rigid capillary wall or the wall of some other object moving in the 
frame of reference, where the velocity of superfluid is zero. In (16) the minimum must be 
taken over the values of the excitation momentum 0P , as in the Landau theory, 
formulated for zero absolute temperature T=0 [26, 27]. The important difference of (16) 
from the result of Landau theory [26, 27] is stated in the presence of non zero value E∆  
in (16). This value may be actually significant, especially for non zero temperatures T>0. 
At T=0 it may have tendency to zero, when (16) exactly coincided for 0E∆ =  with the  
Landau theory [26, 27]. 
    In [26, 27] for 0 0( )E P the energy spectrum of roton excitations is used and the value of 
thV is obtained, which is equal near 60m/s. This estimation from the Landau theory have 
large difference from the observed values 0.01-10m/s for T>0 and thus constitute the well 
known unresolved up to now problem of the superfluid threshold velocity determination 
[28, 29].  
    Here we give the new example of the derivation for this famous Landau’s theory and 
also for it finite temperature modification, which is making on the base of the energy and 
momentum conservation laws only. In the known theories of superfluidity at T=0 and 
also at T>0 (see, for example, [30, 31]) these conservation laws do not considered at all. 
More over, in [30] writing about the Landau theory [26, 27] (where only Galilelian 
transformation is used ): “Landau pointed out that the creation of elementary excitations 
at zero temperature by interactions with walls (or moving object) violates energy and 
momentum conservation unless the velocity exceeds a certain well defined velocity LV ”. 
    Thus, obtaining of (16) on the base of (3), (4) shows another view on the theory of 
superfluid threshold velocity for T=0 and also for T>0. The difference between the value 
of the thV , obtaining from (16), and the value LV  of  the theory [26, 27] may be very large, 
when the value of E∆ in (16) become as large as the excitation energy 0E in (16).  This is 
give the possibility to state more good correspondence between (16) and experimental 
date, mentioned above, than it take place for the Landau theory [26, 27]. 
      For example, lets consider the new superfluidity criteria (16) for elementary 
excitations of the roton type [27], when in (16) 20 0 0 0( , ) ( ) ( ( )) / 2 ( )E P T T P p T m T∗= ∆ + − , 
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where ∆ -is the roton energy gap and 0p is the momentum at the roton energy 
minimum, 40,16 Hem m∗ = , 4Hem -is the mass of helium atom. From (16) in this case it may 
be obtained: 
               
2
0 0 2 ( )
th
p p m
V
m
µ
µ
∗
∗
− − ∆ −= − ,                                                              (17) 
which is coincide exactly with the result of the Landau theory [27], when 0µ = and in the 
limit 20m p∗∆ << from (17) it may be obtained well known Landau’s threshold velocity 
0/th LV V p= = ∆ . From other side in (17) we may consider the limit mµ ∗>> , when 
∆≈ µ20p   and 02 ( ) / ( ) ( )th LV T T V Tµ= ∆ = , where at T=0 this value exactly coincided 
with the first Landau’s estimation in [26] of the superfluid threshold velocity. In [26] 
value 0 ( 0)LV T = is obtained on the base of the using of energy spectrum of roton in the 
form 20 0( ) / 2E P P µ= ∆ + , where HemT 47)0(0 ≈== µµ .  
    It may be note, that not for all more large then (17) superfluid velocities the vorton 
type of excitations can arising from the boundary of superfluid. Indeed, from (16) for the 
roton energy spectrum we have the possibility for roton arising only when 
∗
∗
−
∆−−+=>>
m
mpp
VVVV ths µ
µ )(2
,
2
00
maxmax , where thV  is from (17). When maxVVs >  it is 
possible to arising of another types of excitations, but not for the roton excitations. 
     In this connection, lets consider, for example, the conditions for arising of the phonon-
maxon type of excitations, when in (16) the energy spectrum of excitations have the form 
[32, 33]: 3max0 )( PuPEPE ph α+== − , where u is the sound velocity and 03/ 2max <−= puα . 
Negative value of α  is corresponding here to the  stability condition of energy spectrum( 
see [33]) and 6,1/0max pp ≈  is the value of  the excitation momentum at the “maxon” point 
of energy spectrum [32]. From (16) now we have the next condition for the phonon-
maxon excitations arising:  
     uxpxpPxpPuVV phths µ3/4)1(,/);/1( 3max22max2max2max)( =+=−=> ∗∗− ,            (18) 
where only for 0=µ  the solution of equation for x in (18) gives x=0 and the well known 
result of the Landau theory[26, 27] in the case of pure phonon excitations. In the limit 
x<<1 also for the phonon excitations we have from (18) 
)1(,)4/3( 20)(
3/1
max0 xuVpuxx phth −≈=≈ µ  . From the other side, for the maxon type 
excitations the condition (18) giving: 1
)/21(3
/31;1;2
max
max
)(max <<−
−≈−=≈
pu
puxuV onth µ
µδδδ  . 
   More detail evaluation of ( )Tµ and the corresponding new threshold superfluid velocity 
(17) and (18) will be done in the special paper. Now we may only note about the possible 
correspondence between the value )(Tµ  and the measured value of the thermal vortex 
activation over a potential-energy barrier (which is need for the creation of vortices in 
superfluid helium;see measurements [34] of the rate at which negative ions create vortex 
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rings at 50<T<500mK with this energy barrier height ergEbar 16107,3 −×≅∆  ). Another 
possibility, with much more larger estimated  value of )(Tµ , may be done on the base of   
measured energy JE slipphase 17102,1 −− ×=∆ , which dissipated per isolated phase-slip event 
[29,35,36]. If, for example,  we also, as for energy barrier barE∆ , assume that 
slipphaseth EV −∆≈2/2µ  it may be also obtain the empirical estimation of )(Tµ   for T>0. 
    Thus, we propose new modification of the Landau threshold superfluid velocity, which 
may used, as for small orifices (or short capillary) and fast moving ions in superfluid 
medium(when it is the most important of the temperature dependence for the relative    
large threshold velocity value), as for usually used long capillary(when the value of 
threshold velocity is much smaller and is main used of the Feynman critical velocity 
estimation). In the last case we may obtain the lower critical velocity only due to the 
increasing of the effective  mass for spiral vortex structures , which are more 
energetically preference to arise in long capillary[37-39].     
                                                                                      
 
  
 
7. Conclusions 
 
1. Thus far, as in [4,5], in the present work, new VCR and VCRA quantum theory gets 
development. It is taken into account that only Abraham’s representation of the photon 
momentum in the medium may define actual value of effective photon mass obtained by it in any 
medium with .1≠n  
Actually, for example, in [40], it is not taken into account when in relation with the 
fundamental problem of the photon localization in the medium, it is also introduced its effective 
mass meff.≠0, obtained by the photon in the medium. For example, in the medium without 
dispersion (when the values of group and phase velocities are coincide, i.e. ncVV ph /==  in 
[40]), obtained in [40] for n>1 value meff. has the form  
22 /1 cnnmeff −= ωh ,                                                 (19) 
which  coincided with value M0 in (6), when photon energy in the medium has the form 
2
0 nE ωh= , proposed also in [25]. 
In [40], actually, when introducing (19), it is stated that if Ev=ћω is the photon energy in 
vacuum then value E0=Evn2 defines photon energy in the medium with refraction factor n>1. 
However, permissibility of the expression E0=Evn2   is mistakenly related in [40] with very 
Minkowskiy’s representation cnEpm /0=  for the photon momentum in the medium with n>1 . 
In [25] proposed that for mp , contrary to the pointed above expression  0E , only equation 
vEE =0  takes place and energy of photon is not depending on n . 
   Actually, it is found out (see [25] and given there references) that expression of the form  
E0=Evn2 for the photon energy in the medium with n>1 is permissible only for Abraham’s 
representation (2) for the photon momentum in the medium. At the same time, for the photon 
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momentum in the medium in Minkowskiy’s representation with necessity (see [25]) it must hold 
very equality of energies E0=Ev.  According to (6) (for a photon with mo=0) for mpP =0 , instead 
of (19) one already gets as known [5], a complex, not real value meff.≠M0 for n>1. 
Thus far, only when using Abraham’s representation (2), from (6) when m0=0, we get 
finite and real value of the effective photon mass (see [4,5] and (6), (7)) in the medium with n≠1. 
It is important for the developed in [4,5] and in the present work VCR and VCRA theory 
generalizing theory of all kinds of non- bremsstrahlung radiation and also for resolution of the 
noted in [40] problem of the photon localization in quantum optics and mathematical physics. 
2. From the other side, in the theory of combinational [7] and transitory radiation in non-
stationary medium [8], when defining in (3) the value ∆Е, it is not used an idea about effective 
photon mass in explicit form. It is related with that in [7, 8] (as also in [3, 9]), it is considered 
only Minkowskiy’s  representation for the photon momentum in the medium, for which value of 
effective photon mass is complex and its counting in (3) has not physical sense. However, result 
obtained for example in [7] (see (2) in [7]) for the value cosθ10 (i.e. cosine of the angle of 
outgoing of quanta) has just the same dependency on ∆Е, as also in (8) (for n1=n2=1) and in 
similar formulas [4, 5]. There is only significant difference from [7] in the form of dependency 
of cosθ10 and accordingly Vth on the value n. It takes place due to that in [7], it is used 
Mikowskiy’s representation, not Abraham’s, for the photon momentum in the medium. Value of 
refraction factor n in [7], as in the present work is related to equilibrium medium not having 
excited atoms, very presence of which leads to ∆Е≠0 in [7]. 
Thus, it is possible to consider investigated in [7, 8] radiation as kinds of VCR having 
common with VCR non-bremsstrahlung mechanism of radiation. Let us note, that in [7], as in 
(3), (4), it is considered only the case of spatially uniform medium (contrary to [8]) neglecting 
the impact of random non-uniformity. In the result, in [7], as in (4), it is not counted change of 
medium momentum value and there is significant similarity of the mechanism pointed in [7] 
with pointed in [4, 5] and in the present work VCR mechanism when “virtual photon is 
converted to the real one” (see [7]) for V>Vth where Vth is from (10). 
There is also some similarity between considered in [7] and in [41] non-equilibrium states 
of medium interacting with moving particle. In [41], however, this non-equilibrium state of 
medium (with negative temperature) is defined not depending on the particle velocity contrary to 
[7] and suggested in [4, 5] and in the present work consideration.  
In [8], value ∆Е in (3) (in [8] see equation (4)) is related now, contrary to [7], with 
change frequency of the electromagnetic wave traversing the medium. In the result of traversing 
the medium by such a wave, properties  of the medium can change in time, for example its 
dielectric constant (experiencing periodical displacements from its equilibrium value). In VCR 
mechanism, the role of such a wave is played by the particle electric field moving relatively to 
the medium and causing, essentially considered in [6, 7], excitation of the medium atoms. 
Frequency of such a wave ωph defines in particular energy ∆Е=ћωph , as in analogy the laser 
pump wave which under condition (12) provides super radiation of BEC atoms. 
Thus, developed in [4, 5] and in the present work common approach to description of all 
NBR types on the base Abraham’s theory allows with the help of balance equations (3), (4) to 
define threshold of corresponding radiation by non-equilibrium medium independent  from 
details of microscopic mechanism of such radiation. 
3. When refraction index is close to one, i.e. when n-1<<1, it seems from the first 
looking, that distinctions in conclusions about VCR threshold obtained from VCR theory [3] and 
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from [4, 5] and (10) must be eliminated. However, as it is shown in [42], it is far not so. 
Actually, in theory [42] (based on [4, 5]), it is show that contrary to [43, 44] (using VCR theory 
[3]), it is possible realization in the modern epoch of VCR effect from photon gas of cosmic 
radiation interacting with relativistic particles of cosmic rays. This conclusion according to 
estimates [42], gives base also to explain observed cutting in the spectrum of cosmic rays energy 
being alternative to the known GZK cutting mechanism [45, 46].  
4. More significant distinction of the new quantum VCR and VCR+ theory from the 
known VCR theory [1, 3], than distinction of values Vτh=с/n* and Vτh=с/n for n>1, is obtained in 
[4, 5] and in the present work conclusion about possibility of realization of very VCR 
mechanism even in the medium with n<1. For example, efficiency of direct radiation of 
transversal electromagnetic waves in plasma due to the new counting of VCR mechanism by the 
medium is found to be significantly greater (see [5]) than known mechanism of transformation of 
longitudinal waves into transversal investigated e.g. in [47]. In the new VCR theory, there is 
transformation also but now of virtual longitudinal modes into transversal VCR modes [5]. 
Problem of energy transformation between longitudinal and transversal levels of freedom also is 
characteristic for theory of quark-gluon plasma investigated in collider experiments for colliding 
heavy ions [48] (see also references in [48]). In [48], it is paid special attention to the new point 
of view on the role of medium emitting coherent radiation of gluons in these experiments. For 
analysis of these experiments, it may be found important conclusions of the present work and 
also obtained in [49-52]. Actually, obtained above conclusion on permissibility of VCR+ 
mechanism by nuclear medium in the course of its interaction with К+ and К0 mesons, is found 
possible only in the frame of developed in [4, 5] and in the present work VCR and VCRA 
theory. For experiments LHC-ATLAS, CMS, the new VCR theory will too open additional 
possibility in observed data explanations which is not possible to explain on the base of usually 
applied VCR theory [3]. 
Obtained in [49-52] conclusion about relation of cosmological evolution to creation from 
vacuum of super light scalar bosons (mass of which is obtained as result of exact solution 
without singular modification of common relativity theory equations) allows to give new view 
also on the whole problem of seeking for Higgs boson [53]. 
Thus far, theory developed in [4, 5] and also in [49-53] and in the present work gives 
base for a new view on the vacuum physics as non-equilibrium medium and physics of virtual 
states of conventional medium. The latter as it is shown are able to be transformed for above 
threshold non-equilibrium conditions in real VCR and VCRA quanta. 
We give also the new foundation for the developing of the quantum superfluid threshold 
velocity Landau theory modification, the new theory of super radiation in BEC  and the new 
theory of the Compton effect in medium on the base of quantum VCR theory, proposed in [4,5] 
and in present paper.  
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